1. Introduction
===============

Hypertension is a universal disease with increasing prevalence worldwide, in both adults and children, in both urban and rural areas.^\[[@R1]--[@R3]\]^ Hypertension is a known risk factor for cardiovascular disease (CVD), such as ischemic heart disease, stroke, or hypertensive heart disease, and is the leading cause of morbidity and mortality worldwide.^\[[@R4]\]^ It is therefore essential to identify the risk factors associated with hypertension and adopt primary preventions. The relationships between obesity and hypertension have been well established ,^\[[@R5]\]^ and body mass index (BMI) has been the most commonly used anthropometric measure for defining obesity recommended by WHO.^\[[@R6]\]^ Subsequently, studies found that BMI could not reflect abdominal fat and therefore waist circumference (WC) and waist-to-hip ratio (WHR) were suggested as an indicator of central adiposity for its relevance with fat distribution.^\[[@R7]--[@R9]\]^ However, people have gradually found that neither BMI, WC, nor WHR could discriminate fat and muscle mass and therefore left pregnant women, athletes, and body builders categorized incorrectly.^\[[@R10],[@R11]\]^ Consistently, both cross-sectional and longitudinal studies also confirmed that BMI, WC, and WHR had similar degree of association with the prevalence of hypertension.^\[[@R12]--[@R14]\]^

These inconsistent results might be due to their single index rather than considering the combined information of general obesity and abdominal general. Previous study demonstrated that hypertension might not be only affected by the amount of body fat but also distribution.^\[[@R15]\]^ Various studies have reported that subjects with more abdominal fat will have higher risks of CVD and other related diseases including hypertension, type 2 diabetes, and high cholesterol.^\[[@R15],[@R16]\]^ BMI could just reflect the amount of body fat. As the previous study^\[[@R15]\]^ demonstrated, although WC and WHR could indicate relative abdominal shape more clearly, they still provided limited information on the fat distribution.

Recently, a new anthropometric measure, named a body shape index (ABSI), has been developed by Krakauer and Krakauer.^\[[@R17]\]^ ABSI was calculated using the following equation: . They standardized WC for BMI and height with the scaling exponents 2/3 and 1/2 in the denominator, which made ABSI uncorrelated to BMI. This lack of correlation is important for improving predictive ability that cannot be explained by BMI. Krakauer and Krakauer^\[[@R17]\]^ found ABSI to be more associated with mortality hazards than BMI and WC did in the American population sample they studied. And this was further confirmed by their subsequent study.^\[[@R18]\]^ In 2013, Thomas et al^\[[@R19]\]^ developed another new anthropometric index called the body roundness index (BRI) that was based on height and WC, and it could predict the percentage of body fat and therefore evaluate health status. BRI was calculated using the following equation: . The values of BRI closer to 1 were related to leaner individuals, and larger values were associated with rounder individuals. However, it is unknown so far whether ABSI and BRI are associated with the presence of hypertension in rural Chinese population.

In order to assess the capacity of ABSI and BRI to identify hypertension and to evaluate whether ABSI and BRI are more strongly associated with hypertension than traditional anthropometric indices of obesity, we compared the associations of ABSI, BMI, BRI, WC, and WHR with hypertension in this population-based cross-sectional study conducted in the rural areas of northeast China.

2. Methods
==========

2.1. Study population
---------------------

This study was conducted in Liaoning Province, located in Northeast China. From January 2012 to August 2013, a representative sample of individuals aged ≥35 years was selected to participate in assessing the associations between 2 new body indices (ABSI and BRI) and hypertension in a rural population of northeast China. The study adopted a multistage, stratified random cluster-sampling scheme. In the first stage, 3 counties (Dawa, Zhangwu, and Liaoyang County) were selected randomly from the rural areas of Liaoning province, and in the second stage, 1 town was randomly selected from each of the 3 counties. In the third stage, 26 rural villages in 3 towns were randomly selected for inclusion in the study. All eligible permanent residents aged ≥35 years (a total of 14,016 individuals) in each village were invited to participate in the study. Of those, 11,956 participants (i.e., response rate of 85.3%) agreed to participate and completed the present study. Only participants with a complete set of data regarding the variables analyzed in the present study were included, for a final sample size of 11,345 (5253 males and 6092 females), as shown in Fig. [1](#F1){ref-type="fig"}. The study protocol was approved by the Ethics Committee of China Medical University, Shenyang, China, and all procedures were performed in accordance with good ethical standards. Written consents were obtained from all participants after they had been informed of the objectives, benefits, medical items, and confidentiality of personal information. If the participants were illiterate, written informed consent was obtained from their proxies.
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2.2. Lifestyle factors
----------------------

Our survey was performed by cardiologists and trained nurses during a single visit at a clinic in each village. Information on covariates, such as age, gender, and lifestyle, was collected using a standard questionnaire by face-to-face interview. Prior to conducting the survey, all eligible investigators were invited to attend a training session that covered topics including the purpose of the study, how to administer the questionnaire, the standard method of measurement, the importance of standardization, and study procedures. After completing the training session, each potential investigator was required to obtain a perfect score (≥85 points) on a training test if they were to participate in the study. Additionally, the investigators received further instructions and support during periods of data collection. Each study participant\'s ethnicity was classified as either Han or other (which included ethnic minorities such as Mongol and Manchu). Family income was classified as ≤5000, 5000 to 20,000, and \>20,000 CNY/y. Educational level was categorized as low (no schooling, incomplete primary education, and primary education), middle (3 or 4 years of secondary education), and high (college and university education). Physical activity was classified into 3 groups using a detailed description of the methods presented elsewhere.^\[[@R20]\]^ Briefly, participants were asked with a question: "which type do you think your occupational physical activity belongs to?" Occupational physical activity was grouped into 3 categories: low was defined as participants who reported light levels of occupational physical activity, such as the elderly, cripple, and paralysis; moderate was defined as participants who reported moderate occupational physical activity, such as driver and office worker; high was defined as participants who reported high level of occupational physical activity, such as manual agricultural activities and miner. Self-reported salt intake per month was obtained from the questionnaire. All study participants were asked whether or not they were currently smokers or drinkers.

2.3. Blood pressure measurements and definition of hypertension
---------------------------------------------------------------

Based on the recommended AHA\'s protocol,^\[[@R21]\]^ blood pressure (BP) was measured 3 times at 2-min intervals after at least 5 min of rest using a standardized automatic electronic sphygmomanometer (HEM-907; Omron, Kyoto, Japan). The participants were advised to avoid caffeinated beverages and exercise for at least 30 minutes before the measurement. During the measurement, each participant was seated with their tested arm supported at the level of the heart. The mean of 3 BP measurements was calculated and used in all analyses. According to the JNC-7 report,^\[[@R22]\]^ hypertension was defined as systolic blood pressure (SBP) ≥140 mm Hg and/or diastolic blood pressure (DBP) ≥90 mm Hg and/or use of antihypertensive medications.

2.4. Anthropometric measurements
--------------------------------

Weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, with the participant in light-weight clothing and without shoes. WC was measured at the umbilicus using a nonelastic tape (to the nearest 0.1 cm), and with the participant in a standing posture at the end of a normal expiration. BMI was calculated as the individual\'s weight in kilograms divided by the square of the height in meters. WHR was calculated by dividing WC by hip circumference. ABSI was calculated using the following formula^\[[@R17]\]^: . BRI was calculated using the formula^\[[@R19]\]^: .

2.5. Serum analysis
-------------------

A fasting blood sample was collected from each participant in the morning after at least 12 hours of fasting. Blood samples were obtained from an antecubital vein and collected in vacutainer tubes containing EDTA. Values for fasting plasma glucose (FPG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), and other routine blood biochemical indexes were obtained using an autoanalyzer. All laboratory equipment was calibrated, and blinded duplicate samples were used.

2.6. Statistical analyses
-------------------------

The general characteristics of hypertensive and normotensive in both sexes were compared using the parametric test for continuous variables and χ^2^ for categorical variables. Spearman rank test was used to examine the relationship between hypertension and each anthropometric measure (ABSI, BMI, BRI, WC, and WHR). Area under the receiver-operating characteristic curve (AROC) and 95% confidence intervals (CIs) were used to assess the discriminatory power of each anthropometric measure to assess the risk for hypertension. For BMI, BRI, and WHR, quartiles were created and the prevalence of hypertension in each quartile was calculated. Previous study indicated that ABSI was strongly correlated with age and sex.^\[[@R17]\]^ So ABSI was classified into 4 age groups (age 35--44, age 45--54, age 55--64, and age ≥65), and then the quartiles of ABSI were determined within each age group for males and females separately.^\[[@R17]\]^ To calculate the prevalence of hypertension in each ABSI quartile, subjects within the same ABSI quartile were merged. For WC, the quartiles were classified by sex and the prevalence of hypertension in each quartile was calculated. Multivariable logistic regression analysis was used to calculate the odds ratios (ORs) and their 95% CIs for the presence of hypertension, with adjustments for age, ethnicity, family income, education, physical activity, salt intake, smoking and alcohol status, FPG, and serum lipid. The lowest quartile served as a reference. All the statistical analyses were performed using SPSS Statistics for Windows, Version 17.0 (SPSS, Chicago, IL). *P* values \<0.05 were considered statistically significant. Furthermore, tests for 2 AROCs were further analyzed using PASS 14 ([http://www.ncss.com](http://www.ncss.com/)), using the algorithm suggested by Hanley and McNeil.^\[[@R23]\]^

3. Results
==========

A total of 11,345 subjects (5253 males and 6092 females) aged ≥35 years participated in the study. Table [1](#T1){ref-type="table"} shows clinical and demographic characteristics of the study population according to sex and BP. Participants with hypertension were older than normotensive in both sexes (*P* \< 0.001). Overall, the educational levels and family incomes in the rural areas were low. Participants with hypertension were less active in physical activity than normotensive. Additionally, the vast majority of participants were Han ethnicity. Men were more likely to be smokers or drinkers (*P* \< 0.05, by χ^2^ test). Participants with hypertension were more likely to take more salt and have higher values of TC, TG, LDL-c, and FPG than normotensive. In terms of anthropometric measures, the mean levels of ABSI, BMI, BRI, WC, and WHR were significantly higher among hypertensive.

###### 

Baseline characteristics of study population.
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Table [2](#T2){ref-type="table"} shows the results of Spearman rank test of anthropometric measures (ABSI, BMI, BRI, WC, and WHR) and hypertension. BRI showed the highest Spearman correlation coefficient for hypertension (*r* = 0.264 for men and *r* = 0.317 for women, both *P* \< 0.001), whereas ABSI showed the lowest (*r* = 0.163 for men and *r* = 0.161 for women, both *P* \< 0.001) in both sexes.

###### 

Spearman rank test of anthropometric measures (ABSI, BMI, BRI, WC, and WHR) and hypertension.
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Table [3](#T3){ref-type="table"} shows the prevalence of hypertension in quartiles of ABSI, BRI, BMI, WC, and WHR. We classified the subjects in our study into quartiles according to each anthropometric index. The prevalence of hypertension increased per quartile for all 4 anthropometric indices (first quartile vs fourth quartile) in both sexes: ABSI 47.3% versus 61.7% for men, ABSI 44.4% versus 49.5% for women; BMI 40.1% versus 65.6% for men, BMI 33.9% versus 64.1% for women; BRI 39.4% versus 74.9% for men, BRI 25.8% versus 65.8% for women; WC 39.0% versus 69.0% for men, WC 33.6% versus 65.7% for women; WHR 42.4% versus 65.0% for men, WHR 35.0% versus 65.6% for women (all *P* \< 0.05).

###### 

Prevalence of hypertension in quartiles of ABSI, BRI, BMI, WC, and WHR.

![](medi-95-e5301-g008)

Table [4](#T4){ref-type="table"} shows the multivariable-adjusted ORs (95% CIs) of the presence of hypertension for the highest quartile versus the lowest quartile of each anthropometric index after adjustment for age, ethnicity, family income, education, physical activity, salt intake, smoking and alcohol status, FPG, and serum lipid. BRI had the largest ORs (95% CI) for hypertension in both sexes (OR: 3.49, 95% CI: 2.86--4.21 in men; OR: 3.06, 95% CI: 2.56--3.67 in women). While ABSI had the smallest ORs for hypertension (OR: 1.30, 95% CI: 1.06--1.58 in men; OR: 1.19, 95% CI: 1.04--1.34 in women).

###### 

Odds ratios (95% CIs) of the presence of hypertension for each anthropometric index^∗^.
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Table [5](#T5){ref-type="table"} shows the AROCs (and 95% CIs) of hypertension in relation to anthropometric indices. BRI showed the highest AROC values for hypertension in both men (AROC: 0.65, 95% CI: 0.64--0.67) and women (AROC: 0.68, 95% CI: 0.67--0.70). While ABSI had the lowest AROCs for hypertension in both sex categories (AROC: 0.60, 95% CI: 0.58--0.61 for men; AROC: 0.59, 95% CI: 0.58--0.61 for women). Two AROCs were further tested using PASS 14. We found AROC~BRI~ was significantly larger than AROC~BMI~ and AROC~ABSI~ was significantly smaller than AROC~BMI~ in both sexes.

###### 

The AROCs and 95% CIs of each anthropometric measure for the presence of hypertension in both genders.
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4. Discussion
=============

In this cross-sectional study, we compared the associations between 5 anthropometric indices (ABSI, BMI, BRI, WC, and WHR) and hypertension in a rural population of northeast China. Overall, in our study, all anthropometric indices could identify the presence of hypertension because they all had AROC \>0.5 and ORs \> 1 (*P* \< 0.05). Furthermore, our study also indicated that ABSI showed the weakest association with hypertension, while BRI showed potential for use as an alternative obesity measure in assessment of hypertension.

There were well-established evidences that obesity was closely associated with increased risk for hypertension.^\[[@R5]\]^ Furthermore, it was higher accumulation of visceral adipose tissue rather than heavier body weight that was more associated with cardiovascular disease (CVD) such as hypertension.^\[[@R24],[@R25]\]^ And Lear et al^\[[@R26]\]^ found that even within normal BMI, people with larger WC were at higher risk of CVD and premature death. Therefore, several experts suggested that WC should be used for both children and adults when identifying potential CVD.^\[[@R27],[@R28]\]^ Our study based on the rural populations consistently showed that WC was superior to BMI when accessing the presence of hypertension in both sexes.

Krakauer and Krakauer^\[[@R17]\]^ claimed that the ABSI was more related to visceral than peripheral fat, and was more associated with mortality hazards than BMI and WC did. However, subsequent studies had completely inconsistent conclusions about whether ABSI was superior for identifying diseases to BMI or WC. Some cohort studies found that ABSI outperformed BMI and WC in predicting mortality.^\[[@R17],[@R18]\]^ On the contrary, He and Chen^\[[@R29]\]^ did not found the superiority of ABSI in identifying diabetes mellitus in the Chinese population compared with BMI or WC. Another study found that ABSI could not determine the presence of CVD and CVD risk factors after adjustment for sex, age, and smoking.^\[[@R30]\]^ In a study of Portuguese adolescents, BMI showed the expected positive association with BP but the ABSI showed a negative association with BP.^\[[@R31]\]^ Furthermore, ABSI did not appear to represent an improvement for assessing the association of abdominal obesity with risk of 4 obesity-related cancers.^\[[@R32]\]^ In our study, we found that ABSI was the weakest predictor for identifying the presence of hypertension and was not superior to BMI or WC. The underlying mechanism of these conflicting results was not clear. However, ethnic and gender differences might be a possible explanation for the contrasting findings. Cheung^\[[@R33]\]^ therefore suggested that the same structure but different coefficients for men and women should be adopted when applying ABSI as a public health and clinical indicator in the Indonesian population. And finally, the equations used in the above study to calculate the ABSI for men and women were modified as follows:  for men and   for women. Additionally, age should also be taken into consideration when applying ABSI in different populations. As suggested by Xu et al,^\[[@R34]\]^ the appropriate scaling exponents for standardizing waist circumference for BMI and height in Chinese adolescents were 0.45 and 0.55, respectively. Further studies should focus on applicability of ABSI in different populations and especially the cut-points for diagnosing obesity.

BRI was developed in 2013 and there were few data available for it up to now. As Thomas et al^\[[@R19]\]^ demonstrated, BRI could improve predictions of % body fat and % visceral adipose tissue (VAT) compared with the traditional metrics of BMI or WC. It was a pity that they did not show how BRI related to mortality and other diseases such as CVD or diabetes. One study^\[[@R30]\]^ applying BRI which found that BRI as a novel anthropometric index to identify CVD showed similar instead of superior capabilities to BMI and WC. Our results indicated that BRI had a similar predictive ability for identifying the presence of hypertension to BMI and WC. The possible reason was that BRI could predict % body fat and % VAT, which was more associated with CVD such as hypertension than heavier body weight.^\[[@R24],[@R25]\]^ Though BRI could improve upon predictive accuracy of some CVD such as hypertension, it was not as simple as BMI or WC to apply in clinical settings or daily life. In the future, we might deliver it in an easily usable software platform that could better inform and guide treatment to improve obesity related health, as Thomas et al^\[[@R19]\]^ proposed.

4.1. Limitations
----------------

First, as ABSI was first developed to predict mortality hazard in a follow-up study, we assessed its association with hypertension in cross-sectional study, which may be the main reason that ABSI did not show superior usefulness to identify subjects with hypertension. In future studies, the longitudinal relation between the 2 new anthropometric indices and hypertension should be studied. Second, our study was conducted based on rural populations in northeast China, whose unique lifestyle could influence both body shape and metabolic indices. Third, neither internal nor external validation was done in our manuscript. Additional studies evaluating the internal and external validation are clearly needed and the potential solutions can be found in previous study.^\[[@R35]\]^

5. Conclusions
==============

In the present study, we demonstrated that all the 5 anthropometric indices could determine the presence of hypertension. ABSI showed the weakest association with hypertension, while BRI showed potential for use as an alternative obesity measure in assessment of hypertension. BRI may be used as a practical criterion or supplement to BMI and WC for identifying adiposity-related health risks in clinical assessments. We looked forward to more studies in other global populations that could further demonstrate the advantages and disadvantages of these new anthropometric indices.
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